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(54) Data converting method and apparatus therefor 



(57) M-bit input data is converted into an n-bit code 
using a ROM (1) storing a table having a code group in 
which the number of consecutive bits "0" between bits 
"1", the number of consecutive bits "0" on the start side, 
and the number of consecutive bits "0" on the end side 
are constrained. A code obtained via a bit inverter (2) for 
inverting the last bit is input to an NRZI converter (3) 
where bits "0" and "1" of an NRZI pattern are respec- 



tively cumulated as and to obtain a cumulated 
value (DSV) by a controller (4). The controller (4) con- 
trols execution/nonexecution of inverse at an invertible 
position by the bit inverter (2) for the last bit of the code 
so as to decrease the absolute value of DSV at the next 
invertible position. 
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Description 

[0001 ] Die present invention relates to a data convert- 
ing method and apparatus therefor suitable for convert- 
ing digital data into a bit stream to be recorded on a 
recording medium in an apparatus of recording/repro- 
ducing digital data using a recording medium such as 
an optical disk. 

[0002] To record digital data on a recording medium 
such as an optical disk, a recording bit stream is 
demanded various characteristics. The recording bit 
stream is a bit pattern corresponding to a recording pat- 
tern on the recording medium. The recording bit stream 
is recorded as land and groove pits on the reflecting sur- 
face of a read-only optical disk, as marks in different 
magnetized states on a recordable optical disk such as 
a magneto-optical disk, and as marks having different 
optical constants on a phase change optical disk. 
[0003] Digital data (original data) to be recorded must 
be converted into an optimum recording bit stream by a 
data conversion process in consideration of the manu- 
facturing process of an optical disk, the optical charac- 
teristics of an optical head for reading a recording bit 
stream by a laser beam, and the characteristics of a sig- 
nal process system for reconstructing a reproduced sig- 
nal obtained by reading a recording bit stream from an 
optical disk into original digital data. 
[0004] The read-only optical disk on which data is 
recorded as pits desirably has a large minimum pit 
length because a small minimum pit length leads to 
abrupt decrease in a reproduced signal output owing to 
deterioration of optical characteristics. To the contrary, a 
large maximum pit length decreases the reverse count 
of a reproduced signal. As a result, the clock timing 
reproduction performance deteriorates to increase jitter, 
and code errors readily occur. Therefore, the maximum 
pit length is desirably small. 

[0005] Also, the DC and low-frequency components of 
a recording bit stream recorded as pits on an optical 
disk must be small. The DC and low-frequency compo- 
nents may influence tracking servo for accurately trac- 
ing a track formed on an optical disk, so they must be 
suppressed to accurately read a recording data stream. 
[0006] Further, the width of a detection window must 
also be large. When original data is recorded by division 
into many bits, even if the pit length conditions are satis- 
fied, the time phase margin decreases upon detection, 
and the reproduction clock frequency increases. As the 
reproduction clock frequency increases, the signal proc- 
essor circuit must operate at a high speed, resulting in 
high circuit cost. 

[0007] An example of data conversion systems con- 
sidering these conditions is 8/14 conversion disclosed 
in Jpn. Pat. Appln. KOKAI Publication No. 6-284015 (to 
be referred to as reference [1]). 8/14 conversion is a 
data conversion system of converting 8-bit data into a 
14-bit code. The code obtained by this conversion is 
converted into a recording bit stream such as an NR2I 



(Non Return to Zero-Inverse) pattern, and recorded on 
a recording medium. In reference [1], a table used for 
code conversion from 8 bits to 14 bits is optimally 
switched to decrease the value (DSV (Digital Sum Vari- 

5 ation)) obtained by cumulating bits "0" and "1" of the 
recording bit stream as and VT. Thus, 8/14 con- 
version can satisfactorily suppress the DC and low-fre- 
quency components of the recording bit stream. 
[0008] However, in reference [1], since the number of 

w bits increases to 14/8 the original data after data con- 
version, the width of the detection window decreases, 
and the clock frequency increases at the same ratio. 
[0009] In recent years, a higher data transfer speed is 
required of digital recording apparatuses such as an 

15 optical disk apparatus. A higher data transfer speed 
increases the clock frequency, which requires a high- 
cost signal processor circuit capable of operating at a 
high speed. 

[0010] Jpn. Pat. Appln. KOKAI Publication No. 56- 
20 149152 (to be referred to as reference [2]) discloses 
another data conversion system. The data conversion 
system disclosed in reference [2] converts original data 
into a code 1.5 times in the number of bits. Since the 
obtained code has a run of 1 to 7 bits "0" between bits 
25 "1 this data conversion system is generally called (1 .7) 
RLL (Run Length Limited) coding. The data conversion 
system can be realized by a relatively low clock fre- 
quency and small-size circuit. However, this system 
does not manage DSV, unlike 8/14 conversion 
30 described in reference [1], so the DC and low-frequency 
components of the recording bit stream are not sup- 
pressed. In the system of reference [2], the tracking per- 
formance may deteriorate. 

[001 1 ] To suppress the DC and low-frequency compo- 

35 nents of a recording bit stream, an adjustment bit for 
decreasing DSV is inserted in the bit stream separately 
from data bits to be recorded. Inserting the adjustment 
bit decreases the effective capacity of the recording 
medium. The code obtained by reference [2] is of a var- 

40 iable length coding type in which conversion from 2 bits 
into 3 bits and conversion from 4 bits into 6 bits exist. 
For this reason, bit errors readily propagate. 
[0012] As described above, in the conventional data 
conversion system, if the DC and low-frequency compo- 

45 nents of a recording bit steam are suppressed to stabi- 
lize tracking servo, the clock frequency increases 
undesirably for the signal processor circuit. If the clock 
frequency is suppressed low, the DC and low-frequency 
components of the recording bit steam cannot be sup- 

so pressed, rf the adjustment bit is inserted, the effective 
recording capacity of the recording medium decreases. 
[0013] It is an object of the present invention to pro- 
vide a data converting method and apparatus therefor 
capable of converting input data into an output bit 

55 stream of codes with a different number of bits from that 
of the input data while suppressing the DC and low-fre- 
quency components of the output bit stream without 
increasing the clock frequency so high and inserting any 
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redundant adjustment bit in the output bit stream. 
[0014] The present invention provides A data convert- 
ing method comprising the steps of converting m-bit 
input data into an n-bit converted code using a first table 
having a conversion code group in which the number of 
consecutive bits "0" between bits "1" of the conversion 
code is limited to not less than d and not more than k, 
the number of consecutive bits "0" on a start side of the 
conversion code is limited to not more than k1 , and the 
number of consecutive bits "0" on an end side of the 
conversion code is limited to not more than k2; adap- 
tively inverting a last bit of the converted code obtained 
in the step of converting m-bit input data; converting the 
converted code, which is obtained in the step of con- 
verting m-bit input data and the step of inverting a last 
bit, into an NR2I pattern in which an output is inverted 
for a bit "1" of the code and held for a bit "0" thereof; 
cumulating bits "0" and "1" of the NRZI pattern as 
and "+1", respectively, thereby obtaining a cumulated 
value; and performing one of following steps (a), (b) and 
(c) for a current code in which the number of consecu- 
tive bits "0" on the end side of the converted code is 
larger than (k-k1) among converted codes obtained in 
the step of converting m-bit input data, 

(a) executing the step of inverting a last bit, when a 
sum of the number of consecutive bits "0" on the 
end side of the current code and the number of con- 
secutive bits "0" on the start side of a next code fol- 
lowing the current code exceeds k, 

(b) inhibiting execution of the step of inverting a last 
bit, when the number of consecutive bits "0" on the 
start side of the next code is smaller than d, and 

(c) determining, as invertible positions, at least 
some last bits of the converted code obtained in the 
step of converting m-bit input data, and controlling 
execution/nonexecution of the step of inverting a 
last bit at each invertible position so as to decrease 
an absolute value of the cumulated value at a next 
invertible position, when neither condition in the 
step (a) nor condition in the step (b) are satisfied. 

[001 5] In the present invention, m-bit input data is con- 
verted into an n-bit code using the first table having a 
code group in which the number of consecutive bits "0" 
between bits "1" is limited between d and k, the number 
of consecutive bits "0" on the start side is limited to k1 or 
less, and the number of consecutive bits "0" on the end 
side is limited to k2 or less. The last bit of the code 
obtained by code conversion is adaptively inverted. The 
code conversion process and bit inverse process can 
provide codes in which the number of consecutive bits 
"0" is limited between d and k not only within each code 
but also at the boundary between concatenated codes. 
[0016] The code obtained by the code conversion 
process and bit inverse process is converted into an 
NRZI pattern in which an output is inverted for a bit "1" 
of the code and held for a bit "0" thereof. The NRZI pat- 



tern is output as an output bit stream. Bits "0" and "1 " of 
the NRZI pattern are respectively cumulated as "-1 " and 
M +1" to obtain a cumulated value (DSV). 
[0017] The bit inverse process is controlled to limit the 
5 number of consecutive bits "0" at the code boundary to 
d or more and k or less, and to decrease the absolute 
value of DSV. 

[0018] Under the bit inverse control, the following 
process is done for the current code in which the 

io number of consecutive bits "0" on the end side is larger 
than (k-k1) among codes obtained by code conversion. 
That is, (a) when the sum of the number of consecutive 
bits "0" on the end side of the current code and the 
number of consecutive bits "0" on the start side of the 

is next code exceeds k, bit inverse is executed, (b) When 
the number of consecutive bits "0" on the start side of 
the next code is smaller than d, execution of bit inverse 
is inhibited, (c) When neither the condition (a) nor con- 
dition (b) are satisfied, at least some last bits of the code 

20 obtained by code conversion are determined as inverti- 
ble positions, and execution/nonexecution of bit inverse 
at each invertible position is controlled to decrease the 
absolute value of DSV up to the next invertible position. 
[001 9] In this data conversion according to the present 

25 invention, for example, m, n, d, k, k1, and k2 are respec- 
tively set to 8. 12, 1, 8, 4, and 8. The DC and low-fre- 
quency components of the output bit stream can be 
suppressed by decreasing the absolute value of DSV 
without increasing the clock frequency so high and 

30 inserting any redundant adjustment bit in the output bit 
stream. 

[0020] According to the present invention, in code 
conversion, when the sum of the number of consecutive 
bits "0" on the end side of the current code and the 

35 number of consecutive bits "0" on the start side of the 
next code among codes converted using the first table is 
smaller than d, input data is converted into a current 
code using the second table having a code group which 
satisfies the same conditions as the code group of the 

40 first table, is not included in the code group of the first 
table, and has the same number of consecutive bits "0" 
on the start side as that of a code converted using the 
first table. Further, input data is converted into a next 
code using the third table having a code group in which 

45 the number of consecutive bits "0" between bits "1 M is 
limited between d and k, the number of consecutive bits 
"0" on the start side is limited between d and (k-d+1), 
and the number of consecutive bits "0" on the end side 
is limited between d and k2. 

so [0021] Even under conditions of, e.g., m = 8, n = 12, d 
= 1 , and k = 8, this process can provide, for all the pat- 
terns of input data, codes in which the number of con- 
secutive bits "0" is limited between d and k not only 
within each code but also at the boundary between con- 

55 catenated codes. 

[0022] In code conversion also using the second table, 
the following process may be done for a code in which 
the number of consecutive bits "0" on the end side of a 
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code converted using the third table is larger than d. 

(d) When the sum of the number of consecutive bits 
"0" on the end side and the number of consecutive 
bits "0" on the start end of the next code converted 
using the first table exceeds k, bit inverse is exe- 
cuted. 

(e) When the number of consecutive bits "0" on the 
start side of the next code is smaller than d, execu- 
tion of bit inverse is inhibited, (f) When neither the 
condition (d) nor condition (e) are satisfied, at least 
some last bits of the code obtained by code conver- 
sion are newly determined as invertible positions, 
and execution/nonexecution of bit inverse at each 
invertible position is controlled to decrease the 
absolute value of DSV up to the next invertible posi- 
tion. 

[0023] By setting a larger number of invertible posi- 
tions and using them to manage DSV, the DC and low- 
frequency components of the output bit stream can be 
more effectively suppressed. 

[0024] In code conversion, the method may further 
comprise the step of periodically inserting a sync code 
in the bit stream, and execution/nonexecution of bit 
inverse at the invertible position may be controlled to 
decrease the absolute value of DSV from the invertible 
position up to a sync-code-inserted position. The 
method may further comprise the sync code pattern 
selection step of selecting either one of a pattern having 
an even number of bits "1" and a pattern having an odd 
number of bits "1" in the sync code so as to decrease 
the absolute value of DSV up to an invertible position 
immediately after the sync-code-inserted position. 
These steps can more effectively suppress the DC and 
low-frequency components of the output signal stream. 
[0025] A data converting apparatus according to the 
present invention comprises a code converter section 
which converts m-bit input data into an n-bit code using 
a table having a code group in which the number of con- 
secutive bits "0" between bits "1", the number of con- 
secutive bits "0" on the start side, and the number of 
consecutive bits "0 M on the end side are respectively lim- 
ited, a bit inverter section which properly inverts the last 
bit of a code obtained by the code converter section, a 
NRZI converter section which converts the code 
obtained by the code converter section and bit inverter 
section into an NRZI pattern in which an output is 
inverted for a bit "1 M of the code and held for a bit "0" 
thereof, a cumulation section which cumulates bits "0" 
and "1" of the NRZI pattern as and "+1", respec- 
tively, thereby obtaining a cumulated value (DSV). and a 
controller section which determines at least some last 
bits of the code obtained by the code converter section 
as invertible positions where the bit is arbitrarily inverted 
or not inverted, and controlling execution/nonexecution 
of inverse at each invertible position by the bit inverter 
section so as to decrease the absolute value of DSV up 



to the next invertible position. 

[0026] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also be a sub-combination of these described 
5 features. 

[0027] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

10 FIGS. 1 A and 1 B are 8/12 conversion tables; 

FIG. 2 is a table showing examples of a 12-bit pat- 
tern which satisfy (1 ,8) RLL coding conditions used 
in a data converting method according to an 
embodiment of the present invention; 

75 FIG. 3 is a table showing examples of a bit pattern 
(first table) which can be assigned to main codes A 
used in the data converting method according to 
the embodiment; 

FIG. 4 is a table showing some of the main codes A 
20 and their inverted codes used in the data converting 
method according to the embodiment; 
FIG. 5 is a table showing examples of a bit pattern 
(second table) which can be assigned to main 
codes B used in the data converting method 
25 according to the embodiment; 

FIG. 6 is a table showing the correspondence 
between the normal and specific codes of the main 
codes B used in the data converting method 
according to the embodiment; 
30 FIG. 7 is a table showing examples of a bit pattern 
(third table) which can be assigned to alternate 
codes used in the data converting method accord- 
ing to the embodiment; 

FIG. 8 is a view for explaining the number of con- 
35 secutive bits "0" between bits "1" of a code, the 
number of consecutive bits "0" on the start side of 
the code, the number of consecutive bits M 0 B on the 
end side of the code, and the number of consecu- 
tive bits n 0" at the code boundary according to the 
40 embodiment; 

FIG. 9 is a view showing output codes correspond- 
ing to normal and inverted codes, an NRZI pattern, 
an output waveform, and DSV in the data convert- 
ing method according to the embodiment; 
45 FIG. 10 is a block diagram showing the arrange- 
ment of an example of a system to which the data 
converting method of the present invention is 
applied; 

FIG. 1 1 is a flow chart showing part of the process 
so procedure of the data converting method according 
to the embodiment; 

FIG. 12 is a flow chart showing the remaining part 
of the process procedure of the data converting 
method according to the embodiment; 
55 FIG. 13 is a graph showing the power spectrum of 
an output bit stream obtained by the data convert- 
ing method according to the embodiment; and 
FIG. 14 is a graph showing the power spectrum of 
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an output bit stream obtained by a data converting 
method using (1,7) RLL coding. 

[0028] There will now be described a basic concept of 
the present invention referring to FIGS. 1 A and 1B. 
[0029] FIG. 1 A shows a main code table for converting 
8-bit data into 12-bit data, and FIG. 1 B shows a substi- 
tute table. FIG. 1A shows 256 8-bit codes to be con- 
verted into 12-bit codes. A table A has main codes A 
constructed by 206 patterns from a code 0 to a code 
206. Main codes B have 102 patterns. The main codes 
B consisted of 102 patterns are divided into 50 patterns 
of normal codes 206 to 255 and 50 patterns of specific 
codes 206 to 255 which are paired with the normal 
codes. The remaining two patterns are not used. 
[0030] The alternate codes C in the alternate code 
table shown in FIG. 1B are used as a code following a 
specific code, when the specific code is used as a cur- 
rent code. 

[0031 ] The normal code and specific code of the main 
codes B are switched in accordance with whether the 
header of the next code is "0" or "1". In other words, 
whether the next code starts from "0" or M 1 M can be 
known by checking whether the main code B is a normal 
code or a specific code. If the code starting from "1" 
offends against the predetermined restrictions, the 
alternate code is used as the next code. 
[0032] Codes starting from M 1" exist discretely in the 
main codes as shown in FIG. 4, so that the alternate 
codes C are sparsely made. When the alternate codes 
are made, the number of the head bits "0" and the 
number of the rear bits "0" are restricted. However, the 
range in which the number of bits "0" is restricted is 
broader than that of the main codes A. In other words, 
when an alternate code is selected, the last bit of the 
code immediately before the selected alternate code is 
always "1", so that the number of bits "0" on the header 
side may be large. However, in a case of the main code, 
the code immediately before the selected code may 
include consecutive "0 "s. Thus, the number of "Cs is 
restricted so that the number of consecutive "0"s is not 
extremely increased. 

[0033] A data converting method according to the 
present invention will be described in detail below by 
exemplifying an embodiment in which input data is con- 
verted into a bit stream (output bit stream) suitable for 
recording on a recording medium such as an optical 
disk. This embodiment includes an 8/12 conversion 
process in which digital data (input data) of m = 8 bits is 
converted into a code of n = 12 bits. 
[0034] Input data has 256 bit patterns each expressed 
by 8 bits. To the contrary, an 8/ 12 -converted code has 
4,096 bit patterns each expressed by 12 bits. The prin- 
cipal data conversion process is assignment between 
the 256 patterns and 4,096 patterns. 
[0035] Major conditions for this conversion are 

(1) large minimum bit length 



(2) small maximum bit length 

(3) large width of the detection window 

(4) low reproduction clock frequency 

(5) small DC and low-frequency components of the 
5 output bit stream 

[0036] To satisfy conditions (1) and (2), this embodi- 
ment adopts (1 ,8) RLL coding in which a run length RL0 
(see FIG. 8) of bits "0" (more accurately, the number of 

10 consecutive bits "0" between bits "1") is limited to d = 1 
or more and k = 8 or less. In this case, (1 ,8) RLL coding 
conditions must be satisfied even at the code boundary 
when codes are concatenated. For this purpose, the 
embodiment uses a bit inverse process (to be described 

is later). 

[0037] To satisfy conditions (3) and (4), this embodi- 
ment adopts 8/1 2 conversion, as described above. 8/12 
conversion suppresses the reproduction clock fre- 
quency to 12/8 = 1.5 times the reference clock fre- 

20 quency of input data, which is lower than in 8/14 
conversion described in reference [1]. 
[0038] To satisfy condition (5), this embodiment man- 
ages DSV by controlling execution/nonexecution of bit 
inverse at a bit position (invertible position) where bit 

25 inverse is arbitrarily executed or not executed. 

[0039] The (1 ,8) RLL coding will be explained. FIG. 2 
shows examples of the 12-bit pattern which satisfy (1 .8) 
RLL coding conditions. The number of 12-bit patterns 
which satisfy (1 ,8) RLL coding conditions is 365, which 

30 exceeds the 256 patterns of 8-bit input data. Thus, 8-bit 
input data can be sufficiently converted into a 12-bit 
code which satisfies (1.8) RLL coding conditions. How- 
ever, if these 12-bit codes are successively concate- 
nated, (1 ,8) RLL coding conditions may not be satisfied 

35 at the code boundary. 

[0040] This embodiment, therefore, performs data 
conversion for satisfying (1,8) RLL coding conditions 
even at the boundary between codes converted as fol- 
lows. This data conversion process is mainly divided 

40 into (i) code conversion process, (ii) bit inverse process, 
(iii) NRZI conversion, and (iv) bit inverse control. These 
processes will be sequentially explained. 
[0041 ] When two arbitrary codes made of bit patterns 
in FIG. 2 are concatenated, bits M 1" may successively 

45 occur, or a maximum of 16 bits "0" may successively 
occur at the code boundary. To avoid this, the bit pattern 
in FIG. 2 is constrained at two code ends as follows. A 
run length RL1 (see FIG. 8) of bits "0" on the start side 
of the code is set to k1 = 4 or less, and a run length RL2 

so (see FIG. 8) of bits "0" on the end side is set to d = 1 or 
more and k2 = 8 or less. These codes are assigned as 
main codes A. This constraint decreases the number of 
codes to 207. 

[0042] FIG. 3 shows bit patterns which can be 
55 assigned to the main codes A. FIG. 3 shows the con- 
tents of the first table. A code group including the main 
codes A having these bit patterns are described in cor- 
respondence with various bit patterns of input data. The 
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code conversion process converts 8-bit input data into a 
1 2-bit code basically using the first table, and also using 
the second and third tables (to be described later). 
[0043] If data conversion is done using only the first 
table having a code group including the main codes A, a 5 
run length RL3 (see FIG. 8) of bits "0" (the sum of the 
number of consecutive bits "0" on the end side of the 
current code and the number of consecutive bits "0" on 
the start side of the next code) may exceed k = 8 at the 
code boundary. Under the constraint on the pattern at io 
two code ends, the run length RL3 of bits "0" at the code 
boundary exceeds k = 8 in the following 10 combina- 
tions (RL2 : RL1) of the run length RL2 of bits "0" on the 
end side of the current code and the run length RL1 of 
bits "0" on the start side of the next code. is 

For RL3 = 9, (8 : 1), (7 : 2), (6 : 3), (5 : 4) 
For RL3 = 10, (8 : 2), (7 : 3), (6 : 4) 
For RL3 = 11,(8:3),(7:4) 

For RL3= 12, (8 : 4) 20 

[0044] As is apparent from this, when the run length 
RL2 of bits "0" on the end side of the current code is 
larger than (k-k1) = 4 (not less than 5), and the run 
length RL1 of bits "0" on the start side of the next code 
is d = 1 or more, the run length RL3 of bits "0" at the 
boundary between the current and next codes may 
exceed 8. 

[0045] To prevent this, a pattern having the last bit of 
the code inverted to "1" is assigned as an "inverted 
code" to 27 pattern codes in which the run length RL2 of 
bits "0" on the end side exceeds (k-k1) = 4, as shown in 
FIG. 4. By properly selecting execution/non execution of 
bit inverse in accordance with the run length RL3 of bits 
"0" at the code boundary, (1 ,8) RLL coding conditions 
can be always satisfied. Since the final bits of the 207 
patterns belonging to the main codes A shown in FIG. 3 
are always "0", inverted codes after the bit inverse proc- 
ess do not overlap the main codes A. 
[0046] The first table having a code group including 
the main codes A can only cope with input data of 207 
patterns at maximum. To assign codes to all input data 
of the 256 8-bit patterns, other patterns must be 
assigned as codes for input data of the remaining 49 
patterns. 

[0047] This embodiment newly adds patterns each 
having a last bit of "1" as codes for input data of the 49 
patterns. There are 129 patterns in which (1,8) RLL 
coding conditions are satisfied, the run length RL1 of 
bits "0" on the start side is k1 =4 or less, and the last bit 
is "1 Of these patterns which satisfy the above condi- 
tions, only 102 patterns can be actually used except for 
the 27 patterns used as the inverted codes in FIG. 4. 
Codes having these pattern codes are assigned as 
main codes B. 

[0048] FIG. 5 shows bit patterns which can be 
assigned to the main codes B. FIG. 5 shows the con- 
tents of the second table. A code group including the 



10 

main codes B having these bit patterns are described in 
correspondence with various bit patterns of input data. 
[0049] If a main code B having a last bit of "1" is 
assigned, bits "1" may successively occur at the code 
boundary, failing to satisfy (1,8) RLL coding conditions. 
To avoid this, either one of two codes (specific and nor- 
mal codes) is selected from the main codes B in accord- 
ance with whether the first bit of the next code is "0" or 
"1", and the selected code is assigned to the current 
code. At the same time, an "alternate code" obtained 
from the third table (to be described below) is assigned 
to the next code. 

[0050] For example, the main codes B are classified 
into "specific codes" in which the last 3 bits have a spe- 
cific pattern such as "101", and other "normal codes", 
and the specific and normal codes are combined. When 
the next code starts with a bit "1", a specific code is 
used; when the next code starts with "0", a normal code 
is used. 

[0051 ] Each combination of specific and normal codes 
for one data is preferably assigned such that the two 
codes have the same number of consecutive bits "0" on 
the start side in order to facilitate determination of exe- 
cution/nonexecution of the above bit inverse process. 
As a result, the main codes B allow assigning codes to 
data of 50 patterns. FIG. 6 shows combinations of spe- 
cific and normal codes selected from the main codes B. 
[0052] Since the 207 main codes A and the 50 main 
codes B can be added to prepare 257 codes, codes can 
be satisfactorily assigned to input data of the 256 8-bit 
patterns. 

[0053] The alternate codes used when bits "1" suc- 
cessively occur at the code boundary will be explained. 
[0054] Only when the last 3 bits of the current code 
have the specific code "1 01 an alternate code is used 
as a next code following the specific code. Hence, the 
alternate codes can adopt patterns which overlap codes 
used as the main codes A and B. 
[0055] The alternate codes must satisfy conditions 
that the run length RL1 of bits "0" on the start side is d = 
1 or more and (k-d+1) = 8 or less, the run length RL2 of 
bits "0" on the end side is d = 1 or more and k2 = 8 or 
less, and (1,8) RLL coding conditions (the run length 
RL0 of bits "0" between bits "1 " is d = 1 or more and k = 
8 or less) are satisfied. There are 139 patterns which 
satisfy these conditions. 

[0056] FIG. 7 shows examples of the bit pattern which 
can be assigned to the alternate codes. FIG. 7 shows 
the contents of the third table. A code group including 
alternate codes having these bit patterns are described 
in correspondence with specific bit patterns of input 
data. Input data requiring assignment of alternate codes 
are limited to patterns corresponding to codes starting 
with a bit "1" among the group of codes used as the 
main codes A described on the first table in FIG. 3 and 
the group of codes used as the main codes B described 
on the second table in FIG. 5. In FIGS. 3 and 5, there 
are 107 codes starting with a bit "1", which are smaller 
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in number than patterns used for the alternate codes. 
Therefore, the alternate codes can be sufficiently 
assigned. 

[0057] As for the alternate codes as well as the main 
codes A, the run length RL3 of bits "0" at the boundary 5 
with the next code may exceed k = 8 for a code in which 
the run length RL2 of bits "0" on the end side exceeds 
(k-k1) = 4. In this case, the last bit of the alternate code 
is inverted to "1". The inverted code can be assigned to 
an alternate code in which the run length RL2 of bits "0" 
on the end side is 2 or more. 

[0058] Note that a code having a pattern with a last bit 
of "1" is not included in the alternate code before 
inverse, so the bit inverse process does not make codes 
overlap each other. The run length RL2 of bits "0" on the 
end side of the alternate code is limited to k = 8 or less. 
When the run length RL3 of bits "0" at the code bound- 
ary exceeds 8, the next code always starts with a bit "0". 
Thus, the bit inverse process does not result in a run of 
bits "1". 

[0059] A code obtained by the above-described code 
conversion process and bit inverse process further 
undergoes NRZI (Non Return to Zero-Inverse) conver- 
sion into a final output bit stream. The NRZI conversion 
converts an input code into a binary pattern (NRZI pat- 
tern) in which an output is inverted for a bit "1 " of the 
code and held for a bit "0" thereof. 
[0060] A method of suppressing the DC and low-fre- 
quency components of an output bit stream in this 
embodiment will be described. To suppress the DC and 
low-frequency components, bits "0" and "1" of an NRZI 
pattern are respectively cumulated as "-1" and "+1" to 
obtain a cumulated value (DSV), and the absolute value 
of DSV is controlled smaller. DSV corresponds to a 
charge accumulation amount in electrical signal expres- 
sion, and represents the DC level of the signal. 
[0061 ] In view of the presence of bits (invertible posi- 
tions) which may or may not be inverted, other than bits 
which must always be inverted in the above bit inverse 
process, the embodiment controls execution/nonexecu- 
tion of bit inverse at least some of current invertible posi- 
tions so that the absolute value of DSV at the next 
invertible position is further decreased. This bit inverse 
control will be explained. 

[0062] Note that the bit inverse control may use not all 
but some of the invertible positions as bit invertible posi- 
tions, and may calculate the absolute value of DSV at a 
relatively long data interval. 

[0063] As described above, the data converting 
method using 8/12 conversion of this embodiment exe- 
cutes the bit inverse process so as to prevent the run 
length RL3 of bits "0" at the code boundary from 
exceeding k = 8 for the main codes A and some alter- 
nate codes. In the bit inverse process, the constraint (k 
= 8 or less for RL3) on the run length RL3 of bits "0" at 
the code boundary can be satisfied in two code con- 
catenated states before and after bit inverse. This corre- 
sponds to the following 18 combinations (RL2 : RL1) of 
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the run length RL2 of bits "0" on the end side of the cur- 
rent code and the run length RL1 of bits "0" on the start 
side of the next code. 

For RL3 = 3, (2: 1) 

For RL3 = 4, (2 : 2), (3 : 1) 

For RL3 = 5, (2:3), (3:2), (4:1) 

For RL3 = 6, (2 : 4), (3 : 3), (4 : 2), (5 : 1) 

For RL3 = 7, (3 : 4), (4 : 3), (5 : 2), (6 : 1) 

For RL3 = 8, (4 : 4), (5 : 3), (6 : 2), (7 : 1) 

[0064] When an inverted code is prepared for a given 
code, and the combination (RL2 : RL1) at the code 
boundary is any one of the 18 combinations, execu- 
tion/non execution of the bit inverse process can be con- 
trolled for another purpose, i.e., management of DSV, 
other than limiting the number of consecutive bits "0". 
[0065] When the combination (RL2 : RL1 ) is (2 : 1 ) for 
RL3 = 3, (2 : 2) for RL3 = 4, (2 : 3) for RL3 = 5, or (2 : 4) 
for RL3 = 6, the bit inverse process converts the last 3 
bits of an alternate code into the same bits "101" as a 
specific code. If, for example, the last 3 bits of the spe- 
cific code coincide with those of a normal code due to a 
bit error, the alternate code is regarded as a specific 
code. A code subsequent to the alternate code is erro- 
neously recognized as an alternate code, resulting in a 
data conversion error. 

[0066] To avoid this, this embodiment inhibits the bit 
inverse process for the last bits of an alternate code 
when the combination (RL2 : RL1) of the run length RL2 
of bits "0" on the end side of the current code and the 
run length RL1 of bits "0" on the start side of the next 
code is (2 : 1), (2 : 2), (2 : 3), or (2 : 4). If this error pro- 
tection need not be particularly considered, the bit 
inverse process may be done for the last bits of the 
alternate code even when (RL2 : RL1) is (2 :1), (2 : 2), 
(2 : 3), or (2 : 4). 

[0067] When only one bit of a code obtained by the 
code conversion process is inverted from a bit "0" to "1 " 
under the bit inverse control, an NRZI-converted signal 
(output bit stream) is inverted in signal polarity after the 
inverted bit. 

[0068] FIG. 9 shows output codes corresponding to 
normal and inverted codes, an NRZI pattern, an output 
waveform, and a change in DSV. As is apparent from 
FIG. 9, bit inverse reverses the change direction of the 
subsequent DSV. In the example of FIG. 9, nonexecu- 
tion of bit inverse can decrease the absolute value of 
DSV. 

[0069] Hence, DSVs for execution and nonexecution 
of bit inverse are calculated, and execution/non execu- 
tion of bit inverse is controlled to decrease the absolute 
value of DSV at a next bit invertible position. By control- 
ling the bit inverse process in this manner, the DC and 
low-frequency components of the output signal stream 
can be effectively suppressed. 

[0070] FIG. 1 0 shows an example of application of the 
data converting method to a system for generating a 
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recording bit stream to be supplied to an optical disk 
mastering apparatus or optical disk drive. The recording 
bit stream generating system comprises a data convert- 
ing apparatus made up of a ROM 1 , bit inverter 2, NRZI 
converter 3, and controller 4. 

[0071] The ROM 1 stores the first, second, and third 
tables. Input data to the data converting apparatus is 
supplied as address data to the ROM 1 , from which a 
code is read out under the control of the controller 4. 
The code read out from the ROM 1 is input to the bit 
inverter 2 where the last bit is adaptively inverted under 
the control of the controller 4. The code processed by 
the bit inverter 2 is converted into an NRZI pattern by 
the NRZI converter 3, and output as an output bit 
stream from the data converting apparatus. The output 
bit stream is input as a recording bit stream to an optical 
disk mastering apparatus 5 or optical disk drive 6. 
[0072] The optical disk mastering apparatus 5 records 
data as pits on a master disk for manufacturing optical 
disks. The optical disk mastering apparatus 5 performs 
the power modulation of an exposure beam in accord- 
ance with the recording bit stream, and exposes a 
photo- resist layer formed on the master disk. The opti- 
cal disk mastering apparatus 5 develops the exposed 
photoresist layer to form a pit stream corresponding to 
the recording bit stream on the master disk. The series 
of steps are mastering. The optical disk mastering 
apparatus 5 fabricates a stamper by an electroforming 
using the master disk, and mass-produces read-only 
optical disks (replica disks) by injection molding using 
the stamper. 

[0073] The optical disk drive 6 records/reproduces 
data by driving a readable/writable recording medium 
such as a phase change optical medium or magneto- 
optical medium. The optical disk drive 6 drives a semi- 
conductor laser in accordance with the recording bit 
stream to record data on the optical disk by the semi- 
conductor laser beam. The optical disk drive 6 repro- 
duces the recorded data by irradiating the optical disk 
with the semiconductor laser beam and detecting the 
reflected beam by a photodetector. 
[0074] A data conversion process procedure in this 
embodiment will be described with reference to the flow 
charts in FIGS. 10 and 1 1 . 

[0075] Whether an alternate code flag is set is 
checked (step S1 1). The alternate code flag represents 
whether to perform code conversion using an alternate 
code described on the third table. If NO in step S1 1 , the 
current input data is converted into a normal code of a 
main code A or B using the first or second table (step 
S12), and the alternate code flag is cleared (step S13). 
If YES in step S1 1 . the current input data is converted 
into an alternate code (step S14), and the alternate 
code flag is cleared (step S13). The next input data is 
converted into a normal code of a main code A or B 
using the first or second table (step S15). 
[0076] The run length RL3 of bits "0" at the code 
boundary is detected for the two successive codes (cur- 



rent and next codes) obtained by the code conversion 
process (step S16). The run length RL3 is checked 
(steps S17 and S19). If the run length RL3 of bits "0" at 
the code boundary is determined to exceed k = 8 in step 

5 S1 7, the last bit is inverted to a bit "1 " to change the cur- 
rent code into an inverted code (step S18). If the run 
length RL3 of bits "0" at the code boundary is deter- 
mined to be 0 in step S19, i.e., bits "1" successively 
occur at the code boundary, the current code is 

w changed into a specific code of a main code B (step 
S20), and at the same time an alternate code flag is set 
(step S21). 

[0077] If neither code boundary conditions are met, 
i.e., the run length RL3 of bits "0" at the code boundary 

15 does not exceed k = 8 and is not 0, whether bit inverse 
is possible is checked (step S22). More specifically, in 
step S22, if an inverted code having an inverted last bit 
of "1" exists, and the run length RL1 of bits "0" on the 
start side of the next code is d = 1 or more, bit inverse is 

20 possible; otherwise, bit inverse is impossible. 

[0078] If YES in step S22, the absolute value of DSV 
is calculated (step S23). The absolute value of DSV of 
an inverted stream upon bit inverse at the precious 
invertible position is compared with the absolute value 

25 of DSV of a normal stream without executing bit inverse 
(step S24). If the absolute value of DSV of the inverted 
stream is smaller than the absolute value of DSV of the 
normal stream, bit inverse is done at the precious invert- 
ible position (step S25). Then, the flow shifts to step 

30 S26. If the absolute value of DSV of the inverted stream 
is larger than the absolute value of DSV of the normal 
stream in step S24, the flow shifts to step S26 without 
performing bit inverse. 

[0079] In step S26, the invertible position is stored, 

35 and the DSV value is determined. After that, the DSV 
value is updated (step S27). In this update, DSV of an 
inverted stream upon bit inverse at the current invertible 
position, and DSV of a normal stream without executing 
bit inverse are calculated. If no bit inverse is executed, 

40 DSVs of the two streams are updated. 

[0080] The obtained code and the alternate code flag 
set in step S21 are output (step S28). The number of 
consecutive bits "0 M is limited to one at minimum or eight 
at maximum, which realizes code conversion by 8/12 

45 conversion while suppressing the DC and low-fre- 
quency components of the output bit stream. The con- 
verted code undergoes the NRZI conversion process of 
inverting an output for a bit "1 " and holding the output for 
a bit "0". The NRZI -converted code is output as an out- 

50 put signal stream (recording signal stream). 

[0081] FIG. 1 3 shows the power spectrum of the out- 
put signal stream when the data converting method of 
the present invention is applied to input data of a ran- 
dom data stream. For comparison, FIG. 14 shows the 

55 power spectrum when the conventional (1,7) RLL sys- 
tem is applied to the same data. Since the (1,7) RLL 
system does not particularly manage the DC and low- 
frequency components, the spectrum in the low-fre- 
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quency range exhibits flat characteristics. To the con- 
trary, since the system of this embodiment manages 
DSV so as to reduce the DC and low-frequency compo- 
nents, the spectrum is greatly suppressed in the range 
of the DC to low frequency. 5 
[0082] Note that the present invention is not limited to 
the above embodiment. For example, in code conver- 
sion, a sync code having a pattern with an even or odd 
number of bits "1" may be periodically inserted. In this 
case, the sync-code-inserted position is processed as a w 
bit invertible position. Whether to invert a bit at the pre- 
cious invertible position may be determined to minimize 
the absolute value of DSV up to the sync code. Instead, 
the pattern (even or odd number of bits "1") of the sync 
code may be selected to minimize the absolute value of 15 
DSV up to an invertible position after the sync-code- 
inserted position. 

[0083] In this fashion, the sync-code-inserted position 
is processed as an invertible position, and bit inverse at 
the invertible position and sync pattern selection are so 
done, thereby controlling DSV. Accordingly, the DC and 
low-frequency components of the output signal stream 
can be more effectively suppressed. 
[0084] As has been described above, according to the 
present invention, when m-bit data is to be converted 25 
into an n-bit code, if the number of consecutive bits "0" 
at the code boundary is larger than a predetermined 
value, the last bit of the code is inverted; if the number 
of consecutive bits "0" falls within a predetermined 
range regardless of execution/nonexecution of bit 30 
inverse, the execution/nonexecution of bit inverse is 
controlled to decrease the absolute value of DSV of a 
code-converted NR2I pattern. While the number of con- 
secutive bits "0" is limited to the predetermined range, 
the DC and low-frequency components of the output bit 35 
stream can be suppressed. When the present invention 
is applied to generate a recording bit stream on the 
recording medium, the tracking servo and the like of a 
data recording/reproduction apparatus such as an opti- 
cal disk apparatus can be stabilized. 40 
[0085] As described in the embodiment, the present 
invention can suppress the clock frequency relatively 
low by executing 8/12 conversion under (1,8) RLL con- 
ditions. Thus, a low-cost signal processor circuit can be 
realized. 45 
[0086] Further, since no adjustment bit need be 
inserted to suppress the DC and low-frequency compo- 
nents of the output bit stream, the output bit stream can 
be used as a recording bit stream on the recording 
medium without reducing the effective recording capac- so 
ity. 

Claims 

1. A data converting method characterized by com- 55 
prising the steps of: 

converting m-bit input data into an n-bit con- 



verted code using a first table having a conver- 
sion code group in which the number of 
consecutive bits "0" between bits "1 " of the con- 
version code is limited to not less than d and 
not more than k, the number of consecutive bits 
"0" on a start side of the conversion code is lim- 
ited to not more than k1, and the number of 
consecutive bits "0" on an end side of the con- 
version code is limited to not more than k2; 
adaptively inverting a last bit of the converted 
code obtained in the step of converting m-bit 
input data; 

converting the converted code, which is 
obtained in the step of converting m-bit input 
data and the step of inverting a last bit, into an 
NRZI pattern in which an output is inverted for 
a bit "1" of the code and held for a bit "0" 
thereof; 

cumulating bits "0" and "1" of the NRZI pattern 
as "-1 " and M +1", respectively, thereby obtaining 
a cumulated value; and 
performing one of following steps (a), (b) and 
(c) for a current code in which the number of 
consecutive bits "0" on the end side of the con- 
verted code is larger than (k-k1) among con- 
verted codes obtained in the step of converting 
m-bit input data, 

(a) executing the step of inverting a last bit, 
when a sum of the number of consecutive 
bits "0" on the end side of the current code 
and the number of consecutive bits "0" on 
the start side of a next code following the 
current code exceeds k, 

(b) inhibiting execution of the step of invert- 
ing a last bit, when the number of consec- 
utive bits "0" on the start side of the next 
code is smaller than d, and 

(c) when neither condition in the step (a) 
nor condition in the step (b) are satisfied, 
determining last bits of the converted code 
obtained in the step of converting m-bit 
input data, as invertible positions, and con- 
trolling execution/nonexecution of the step 
of inverting a last bit at each invertible posi- 
tion so as to decrease an absolute value of 
the cumulated value at a next invertible 
position,. 

2. A method according to claim 1, characterized in 
that the step of converting m-bit input data uses a 
(1 ,8) RLL code wherein d is limited to not less than 
1 and k to not more than 8. 

3. A method according to claim 2, characterized in 
that k1 is limited to not more than 4 and k2 to not 
more than 8. 
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4. A method according to claim 1, characterized in 
that m. n, d, k, k1 , and k2 are respectively 8, 12, 1 , 
8, 4, and 8. 

5. A method according to claim 1, characterized in 
that the step of converting m-bit input data com- 
prises the step of periodically inserting a sync code 
to the converted code. 

6. A method according to claim 5, characterized in 
that the step (c) comprises controlling execu- 
tion/nonexecution of the step of inverting a last bit at 
the invertible position so as to decrease the abso- 
lute value of the cumulated value from the invertible 
position up to a position at which the sync code is 
inserted. 

7. A method according to claim 5, characterized by 
further comprising the step of selecting either one 
of a pattern having an even number of bits "1 " and 
a pattern having an odd number of bits "1" in the 
sync code so as to decrease the absolute value of 
the cumulated value at an invertible position imme- 
diately after the position at which the sync code is 
inserted. 

8. A method according to claim 1, characterized in 
that the step of converting m-bit input data com- 
prises, when the sum of the number of consecutive 
bits "0" on the end side of the current code and the 
number of consecutive bits "0" on the start side of 
the next code following the current code among the 
converted codes converted by the first table is 
smaller than & 

converting input data into the converted code 
as the current code using a second table hav- 
ing a conversion code group which satisfies the 
same conditions as the code group of the first 
table, the code group of the second table being 
not included in the code group of the first table, 
and 

converting input data into the converted code 
as the next code following the current code 
using a third table having a converted code 
group in which the number of consecutive bits 
"0" between bits "1" is limited to not less than d 
and not more than k, the number of consecu- 
tive bits "0" on the start side is limited to not 
less than d and not more than (k-d+1), and the 
number of consecutive bits "0" on the end side 
is limited to not less than d and not more than 
k2. 

9. A method according to claim 8, characterized in 
that the step of converting m-bit input data uses a 
(1,8) RLL code in which d is limited to not less than 
1 and k to not more than 8. 



10. A method according to claim 9, characterized in 
that k1 is limited to not more than 4 and k2 to not 
more than 8. 

5 11. A method according to claim 8, characterized in 
that the third table has a (1 ,8) RLL code in which d 
is limited to not less than 1, k-d+1 to not more than 
8, and k2 to not more than 8. 

io 12. A method according to claim 8, which comprises 
performing one of the following steps (d), (e) and (f) 
for a code in which the number of consecutive bits 
"0" on the end side of a converted code converted 
using the third table is larger than 

15 

(d) executing the step of inverting a last bit, 
when the sum of the number of consecutive 
bits "0" on the end side of the converted code 
and the number of consecutive bits "0" on the 

20 start end of the next code converted using the 

first table exceeds k, 

(e) inhibiting execution of the bit inverse step, 
when the number of consecutive bits "0" on the 
start side of the next code is smaller than d, 

25 and 

(f) when neither condition in the step (d) nor 
condition in the step (e) are satisfied, determin- 
ing last bits of the converted code obtained in 
the step of converting m-bit input data, as 

30 invertible positions, and controlling execu- 

tion/nonexecution of the step of inverting a last 
bit at each invertible position so as to decrease 
the absolute value of the cumulated value at a 
next invertible position. 

35 

13. A method according to claim 8, characterized in 
that m, Q, d. k, k1 , and k2 are respectively 8, 1 2, 1 , 
8, 4, and 8. 

40 14. A method according to claim 8, characterized in 
that the step of converting m-bit input data com- 
prises the step of periodically inserting a sync code 
to the converted code. 

45 15. A method according to claim 14, characterized in 
that the step (c) comprises controlling execu- 
tion/nonexecution of the step of inverting a last bit at 
the invertible position so as to decrease the abso- 
lute value of the cumulated value from the invertible 

so position up to a position at which the sync code is 
inserted. 

16. A method according to claim 14, characterized by 
further comprising the step of selecting either one 
55 of a pattern having an even number of bits "1" and 
a pattern having an odd number of bits "1 n in the 
sync code so as to decrease the absolute value of 
the cumulated value at an invertible position imme- 
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diately after the position at which the sync code is 
inserted. 



17. A data converting apparatus characterized by com- 
prising: 5 

a storage section (1) for storing a first table 
having a conversion code group in which the 
number of consecutive bits "0" between bits "1 " 
of the conversion code is limited to not less 10 
than d and not more than k, the number of con- 
secutive bits "0" on a start side of the conver- 
sion code is limited to not more than k1 , and 
the number of consecutive bits "0" on an end 
side of the conversion code is limited to not 15 
more than k2, a second table having a con- 
verted code group which satisfies the same 
conditions as the code group of the first table, 
the code group of the second table being not 
included in the code group of the first table, and 20 
a third table having a converted code group in 
which the number of consecutive bits "0" 
between bits "1 " is limited to not less than d and 
not more than k, the number of consecutive bits 
"0" on the start side is limited to not less than d 25 
and not more than (k-d+1), and the number of 
consecutive bits "0" on the end side is limited to 
not less than d and not more than k2; 
a code converter section (2) for reading a code 
from the storage section using m-bit input data 30 
as address data and converts the m-bit input 
data into n-bit converted code; 
an inverter section (2) for adequately inverting 
a last bit of the converted code; 
an NRZI processor section (3) for converting 35 
the inverted code into an NRZI pattern in which 
an output is inverted for a bit "1 " of the inverted 
code and held for a bit "0" thereof; 
an accumulator section (3) for cumulating bits 
"0" and "i " of the NRZI pattern as "-1 " and "+1 ". 40 
respectively, thereby obtaining a cumulated 
value; and 

a controller section (4) for executing one of fol- 
lowing processes (a), (b) and (c) for a current 
code in which the number of consecutive bits 45 
"0" on the end side of the converted code is 
larger than (k-k1 ) among n-bit converted codes 
obtained by the code converter, 

(a) a process of executing the step of so 
inverting a last bit, when a sum of the 
number of consecutive bits "0" on the end 
side of the current code and the number of 
consecutive bits "0" on the start side of a 
next code following the current code 55 
exceeds k, 

(b) a process of inhibiting execution of the 
step of inverting a last bit, when the 



number of consecutive bits "0" on the start 
side of the next code is smaller than d. and 
(c) a process of, when neither condition in 
the process (a) nor condition in the proc- 
ess (b) are satisfied, determining last bits 
of the converted code obtained in the proc- 
ess of converting m-bit input data, as 
invertible positions, and controlling execu- 
tion/non execution of the process of invert- 
ing a last bit at each invertible position so 
as to decrease an absolute value of the 
cumulated value at a next invertible posi- 
tion,. 

18. An apparatus according to claim 17, characterized 
in that when the sum of the number of consecutive 
bits "0" on the end side of the current code and the 
number of consecutive bits "0" on the start side of 
the next code following the current code among the 
converted codes is smaller than d, the code con- 
verter section (2) converts the input data into the 
converted code as the current code using the sec- 
ond table, and as the next code following the cur- 
rent code using the third table. 

19. An apparatus according to claim 18. characterized 
in that the inverter section (2) performs, for a code 
in which the number of consecutive bits "0" on the 
end side of a converted code converted using the 
third table is larger than d, one of the following proc- 
esses (d), (e) and (f) of: 

(d) a process of inverting the last bit of the con- 
verted code, when the sum of the number of 
consecutive bits "0" on the end side of the con- 
verted code and the number of consecutive bits 
"0" on the start side of the next code converted 
using the first table exceeds k, 

(e) a process of inhibiting execution of the proc- 
ess of inverting the last bit, when the number of 
consecutive bits TT on the start side of the next 
code is smaller than d, and 

(f) a process of determining last bits of the con- 
verted code obtained by the code converter 
section as invertible positions, and controlling 
an operation of the inverter section at each 
invertible position so as to decrease the abso- 
lute value of the cumulated value at a next 
invertible position, when neither condition in 
the inverting process nor condition in the inhib- 
iting process are satisfied. 

20. An apparatus according to claim 17, characterized 
in that the code converter section (2) performs a 
process of periodically inserting a sync code to the 
converted code. 

21. An apparatus according to claim 17, characterized 
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in that the inverter section (2) controls an operation 
of the inverting at the invertible position so as to 
decrease the absolute value of the cumulated value 
from the invertible position up to a position at which 
the sync code is inserted. 5 

22. An apparatus according to claim 20, characterized 
by further comprising a selector section which 
selects either one of a pattern having an even 
number of bits "1" and a pattern having an odd 10 
number of bits "1" in the sync code so as to 
decrease the absolute value of the cumulated value 

at an invertible position immediately after the posi- 
tion at which the sync code is inserted. 

15 

23. A data converting apparatus characterized by com- 
prising: 

a code conversion section (2) for converting m- 
bit input data into an n-bit converted code using 20 
a table having a conversion code group in 
which the number of consecutive bits "0" 
between bits "1" of the converted code, the 
number of consecutive bits "0" on a start side of 
the converted code, and the number of consec- 25 
utive bits "0" on an end side of the converted 
code are respectively constrained; 
a inverter section (2) for adaptively inverting a 
last bit of a code obtained by the converter sec- 
tion; 30 
an NRZI converter section (3) for converting 
the converted code obtained by the converter 
section and the inverter section into an NRZI 
pattern in which an output is inverted for a bit 
"1 " of the code and held for a bit "0" thereof; 35 
an accumulator section (3) for cumulating bits 
"0" and "1" of the NRZI pattern as "-1 " and "+1 
respectively, thereby obtaining a cumulated 
value; and 

a controller section (4) for determining at least 40 
some last bits of the code obtained by the con- 
verter section as invertible positions at which 
the inverse of the bit is allowed, and controls 
execution/nonexecution of inverse at each 
invertible position by the inverter section so as 45 
to decrease an absolute value of the cumulated 
value up to a next invertible position. 



50 



55 
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